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Successes

e Dating old groundwater with 81Kr in the Great Artesian Basin by measuring
81Kr/Kr atom ratios in the 1013 range

e Dating ocean water with 3%Ar in the Southern Atlantic by measuring
39Ar/Ar atom ratios in the 10-16 range

Limitations

e Attempts to measure 3°Ar/Ar ratios down to the 10-18 range to test underground
argon for its suitibility for Dark Matter Searches
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Bernhard Lehmann (1946-2005) taking a groundwater sample in the
Great Artesian Basin in Australia in 1998.




Water fountain from a well in the Great Artesian Basin of Australia




PROTON NUMBER

The production of 8Kr (230,000 y) and 8Kr (10.8 y) from
cosmic rays in the atmosphere and from fission
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81Kr AMS detection in groundwater samples from the Great
Artesian Basin in Australia through full-stripping at the K1200
Superconducting Cyclotron of Michigan State University

P. Collon et al., Earth Planet. Sci. Lett. 182 (2000) 103
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Schematic layout of the experimental setup at the
superconducting cyclotron at Michigan State University



Area of the Great
Artesian Basin
in Australia

~ 1.7 million km?2

~ 1/5 of Australia
~ size of Alaska

Northern
Territory
Water storage
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TOF vs. dE spectra Oodnadatta Sample
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TOF vs. dE spectra Natural krypton sample
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Identification of 81Kr events from a GAB groundwater sample (a) and
Atmospheric krypton (b). From Collon et al., EPSL 182 (2000) 103.
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Summary of 8Kr/Kr isotopic ratios for Krypton gas extracted from
groundwater samples of the Great Artesian Basin in Australia

Sample name Well location 81Kr/Kr Mean residence time (108 yr)
(well depth) (10-13) 81Kr 2 36C| b

Rasberry Creek 2 (127 m) 2.63 £ 0.32 230 £ 40

Oodnatta 1(479 m) 1.78 £ 0.26 350 £ 50 340 - 540

Duck Hole 4 (251 m) 2.19£0.28 290 £ 40 470 - 760

Watson Creek 3 (289 m) 1.54 + 0.22 400 £ 50 480 — 890

Atmospheric Kr 5.20+ 0.40 ~0

a P.Collon et al., Earth Planet. Sci. Lett. 182 (2000) 103-113
b A, J. Love et al., Water Resour. Res. 36/6 (2000) 1561-1574



Dating ocean water of the Southern Atlantic with 32Ar
by measuring °Ar/Ar atom ratios
with AMS in the 101 range



Dynamics and inventory of #C and 3°Ar in the ocean

Atmosphere

14C: 2% 39Ar: 99%

PN

3000 Surface - Ocean

days (Broecker, 2000)

" equilibration time

PN

30
days

14C
Half-life 5730y
|sotope ratio (atmosphere) 14C/ 12C = 1.2x10712

Atom concentration (ocean) 1.8x10° 14C at/litre

39Ar

269y
39Ar/ 40Ar = 8.1x10°16
6.5x103 39Ar at/litre




39Ar detection at the ATLAS linear accelerator at Argonne
accelerating 39Ar8* ions to 232 MeV and separating it from
the 39K8* isobaric background in the gas-filled magnet
P. Collon et al. NIMB 223-224 (2004) 428
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Dating of deep
ocean water with
39Ar (t,, = 269 a)
using AMS

Sample: SAVE #95

Water depth = 4717 m

39Ar/*%Ar = (2.6£0.6)x10-16
= 32% atmospheric Ar

“‘Age” (decay) = 440 years

P. Collon et al.
Ann.Rev. Nucl.Part. Sci.

54 (2004) 39-67



Results of 39Ar/*°Ar measurements at Argonne

Sample S9Ar/40Ar Fraction of “Decay age”
(10-16) atm. argon*  (years)
Neutron activated argon 580 % 40
Atmospheric argon 7.7 £0.9 95%
South Atlantic Ventilation Experiment
#294, water depth = 850 m 52 +£0.7 65% 170
#294, water depth = 5000 m 3.5 0.6 44% 320
#95, water depth =4717 m 2.6 £0.6 32% 440
Great Artesian Basin, Australia, Watson
creek well, ground water (0.4 Myr) 04 £0.2 5% 1200
Atmospheric argon* 85 1.2 105%
Neutron activated argon 600 £ 40

*Normalized to 3°Ar/40Ar = 8.1x10-16 = 100%, measured by Low Level Counting (Loosli)

P. Collon et al., Nucl. Instr. Meth. B 223-224 (2004) 428-434



Attempts to measure 3°Ar/Ar ratios down to the 1018
range to test argon sufficiently depleted in 3°Ar, which
would make it suitable for large liquid-argon detectors

for Dark Matter Searches

Collaboration with F. Calaprice et al. from Princeton

P. Collon et al, NIMB 283 (2012) 77
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Summary of 3°K count rate (counts per sec, cps) at the detector (normalized to
50 epA of 4Ar8*+ at the ion source) as a function of different ion source support
gasses and conditions in January 2009



liner of the ECR source







the result

c

=
=
P
o
o
©

<
o
%

Not

«Se Ml
#0¢] 015
25 0% Yo




Testing argon with the lowest 3%Ar content

e Decay counting with liquid argon detector

e Atom counting with ATTA?
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Energy spectra of the 3%Ar beta decay (endpoint energy = 565 keV) recorded in a 0.56 kg
liquid argon detector in the Kimballton Underground Research Facility (KURF) in Virginia.

J. Xu, F. Calaprice et al. (Princeton), arXiv:1204.6011v1_26 April 2012



Conclusion

AMS is a wonderful tool — but not for noble gas radionuclides



